The addition of formylphenylboronic acid derivatives to thiourea and ethyl acetoacetate proceeds in the presence of an additional Lewis acid catalyst to give the corresponding 3,4-dihydropyrimidin-2(1H)-(thio)ones (Biginelli products) in moderate yield. Compounds were tested for antifungal activity against pure cultures of Aspergillus niger, Aspergillus flavus, Candida albicans and Saccharomyces cerevisiae but, unfortunately, none showed any appreciable activity.
Introduction
The Biginelli reaction is a useful method of preparing dihydropyrimidinones (DHPMs) from the three-component condensation of aliphatic or aromatic aldehydes, acetylacetonate esters, and urea. The original reaction reported by Pietro Biginelli in 1893 was conducted in boiling ethanol using a catalytic amount of concentrated aqueous hydrochloric acid [1] . The major drawback of this classical Biginelli reaction is the low to moderate yields, particularly for substituted aromatic or aliphatic aldehydes [2, 3] . As a result, recent advancements in this field of research have focused on using Lewis acid catalysts to improve the efficiency of the Biginelli DHPM synthesis [4, 5] . DHPMs are an interesting class of compounds that have extensive pharmacological properties [6, 7] owing, in part, to their similarity to the well-known Hantzsch dihydropyridine calcium channel modulators [8] . Of singular interest is the observation that certain DHPMs also display significant anticancer activities [9, 10] . For instance, Monastrol (Fig. 1a) is known to inhibit specifically mitotic kinesin Eg5 and is considered a lead compound in the search for a new anticancer drug. These remarkable compounds are also known to have significant antimicrobial properties [11] [12] [13] .
Boron compounds also display considerable biological properties [14] . For instance, it has been recently discovered that 5-fluoro-1,3-dihydro-1-hydroxy-2,1-benzoxaborole (Fig. 1b) is a powerful broadspectrum antifungal agent [15] . The molecule's potency is believed to arise from the boron atom's ability to form a stable adduct with the oxygen atoms of the leucyl-tRNA synthetase, effectively inhibiting the enzyme. As part of our ongoing investigations into making novel boron 
Synthesis
To a stirred CH 3 CN mixture of formylphenylboronic acid (5.00 mmol) or formylphenylboronate ester (5.00 mmol) was added ethyl acetoacetate (7.50 mmol), thiourea (7.5 mmol), and a catalytic amount of LiBr (1.00 mmol). The reactions were heated at reflux for 75 h and then allowed to cool to RT. Isolation of boronic acids (1a-4a):
The boronic acids precipitated as white solids, were collected by suction filtration and washed with H 2 O to afford the desired Biginelli compound. Isolation of 5a: Reducing the volume of CH 3 Synthesis, characterization and antifungal testing of 3,4-dihydropyrimidin-2(1H)-(thio)ones containing boronic acids and boronate esters 
X-ray crystallography
Crystals of 5a and 4b were grown from saturated CH 3 CN solutions at 20 o C. Single crystals were coated with Paratone-N oil, mounted using a glass fibre and frozen in the cold stream of the goniometer. A hemisphere of data were collected on a Bruker AXS P4/SMART 1000 diffractometer using ω and θ scans with a scan width of 0.3 o and exposure times of 10 s (5a) and 30 s (4b). The detector distances were 5 cm. The data were reduced and corrected for absorption [17] [18] [19] . The structures were solved by direct methods and refined by full-matrix least squares on F 2 . For 4b, one of the boronate groups and a MeCN molecule were disordered and the site occupancies determined using an isotropic model as 0.5 (C(43)-C(48) and C(43')-C(48'), 0.54 (C(67)-N(69)) and 0.46 (C(67')-N(69')) and fixed in subsequent refinement cycles. All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were located in Fourier difference maps and refined isotropically.
Biological Testing
Compounds were tested for antifungal activity against pure cultures of Aspergillus niger, Aspergillus flavus, Candida albicans and Saccharomyces cerevisiae supplied by Ward's Natural Science Ltd. (St. Catharines, Ontario, Canada). All cultures were maintained on Sabouraud dextrose agar. Four agar plugs (10 mm diameter) of A. niger or A. flavus were cut from a 5-8 day old colony and homogenized in distilled, sterilized water (2 mL). From this suspension, 0.5 mL was transferred aseptically to a Petri plate with Sabouraud dextrose agar (25 mL) and spread evenly over the entire surface. 0.5 mL of a 1 month old liquid culture medium of C. albicans or S. cerevisiae was transferred and spread aseptically and allowed to dry. Each plate was provided with four evenly spaced paper disks (6 mm Fisherbrand P8 filter paper) containing the compound (100 µg). Each compound was applied to the disks as a solution (15 mg compound per 3 mL of acetone or THF) where control disks were treated with neat acetone or THF (20 µL). Amphotericin B in acetone acted as a standard (100 µg). Test plates with fungal homogenates were incubated at 20 o C for 48 h. Four replicate plates were used for each test. Antifungal activity was taken by the diameter of the clear zone surrounding the disk; a halo shows partial inhibition of growth.
Results and Discussion
As mentioned previously, DHPMs are biologically active compounds. Derivatives of these Biginelli compounds, specifically those containing potentially bioactive boron groups, may improve their efficacy. In this study, we Synthesis, characterization and antifungal testing of 3,4-dihydropyrimidin-2(1H)-(thio)ones containing boronic acids and boronate esters have found that commercially available aldehydes containing boronic acids add to ethyl acetylacetonate ester and thiourea in acetonitrile to give moderate yields of the desired boron-containing Biginelli products 1a-4a (Fig. 2) . All new compounds have been characterised by a number of physical methods including multinuclear NMR spectroscopy. A broad peak at around 30 ppm in the 11 B NMR spectra suggests that the boron atom lies in a three coordinate environment in solution [20] , even for the ortho derivative 1. This result is somewhat surprising in light of boron's propensity to form coordinate bonds with Lewis basic atoms [21] . It is interesting to note that attempts to generate the boronic acid derivative of 5a proved unsuccessful and resulted in cleavage of the B-C bond along with the formation of boric acid. Compound 5a has been characterized by an X-ray diffraction study and crystallographic data are given in Table 1 . The molecular structure of 5a is shown in Fig. 3 . Bond distances and angles are similar to those reported in other Biginelli compounds [22] [23] [24] . As boronic acids are known to be difficult to characterize owing to their propensity to form insoluble anhydrides [25] , we have also prepared the analogous pinacol protected boronate esters 1b-5b. Compound 4b has been characterized by an X-ray diffraction study, the molecular structure of which is shown in Fig. 4 . The B-O bond distances of B(1)-O(1) 1.353(2) and B(1)-O(2) 1.356(3) Å are typical for those observed in related structures where the boron is three coordinate [26] [27] [28] [29] . Likewise, the sum of the angles around boron for 4b are 360.00 (18) o , indicating that the boron atom is three coordinate. The bond distances and angles for the sixmembered ring are similar to those for 5a. No B-C bond cleavage was observed in reactions using these pinacol protected analogues and compound 5b has now been prepared in good yield (70%).
We have examined compounds 1-5 for their ability to act as antifungal agents, using Amphotericin B as a control [30] . Although related N 2 B heterocycles are potent antifungal agents [31] , none of the boron containing dihydropyrimidinones showed any appreciable activity against Aspergillus niger, Aspergillus flavus, Candida albicans and Saccharomyces cerevisiae using Amphotericin B as a control.
Conclusion
We have prepared new boron containing 3,4-dihydropyrimidin-2(1H)-(thio)ones (Biginelli products) in moderate yields. Although reactions with 2-formyl-3-thiopheneboronic acid led to product derived from cleavage of the B-C bond, this degradation pathway was not observed in the pinacol protected reaction. These novel boron-containing Biginelli products failed to show any appreciable antifungal activity against four fungi. Further work is therefore required to design more potent fungicidal compounds containing biologically active boron groups.
